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摘要 
选择性栓塞肿瘤组织血管从而诱发肿瘤组织的缺血性坏死是一种很有前景




tTF 融合蛋白中配体 RGD 与肿瘤组织血管内皮细胞标志物——整合素受体 αvβ3
的亲和力。我们利用 PCR 技术分别构建 RGD、(RGD)3 与 tTF 的融合基因，克隆
基因至原核表达载体 pET22b(＋)，通过优化其表达条件，实现目的蛋白在大肠
杆菌 BL21(DE3)中的高效表达，用镍亲和层析柱纯化目的蛋白。凝血实验和 FⅩ
活化实验证实两种融合蛋白均保留 tTF 部分活化 FⅩ和引发血液凝固的的活性；
间接 ELISA 显示两种融合蛋白均能与 αvβ3 特异性结合，且(RGD)3-tTF 对 αvβ3 的
相对亲和力为 32.4μg/mL，而此 OD405nm时的 RGD-tTF 浓度则为 44.5μg/mL。
体内实验显示两种融合蛋白均能有效抑制鼠源性肝癌 H22 和鼠源性肉瘤 S180 的
生长。在 H22 小鼠模型中，RGD-tTF 的抑瘤率为 37.6％，(RGD)3-tTF 的抑瘤率
达到 62.6％；在 S180 小鼠模型中，RGD-tTF 与(RGD)3-tTF 的抑瘤率则分别为 59.4
％和 60.3％。组织学观察发现两种融合蛋白均能选择性定位于肿瘤组织，并选择
性诱发肿瘤组织血管栓塞，导致肿瘤细胞坏死，而对正常组织没有毒副作用。 
总之，我们通过基因工程技术成功地构建了 RGD 和(RGD)3 与 tTF 的融合基
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Abstract 
Selective thrombosis in tumor vessels and induction of subsequent tumor infarction 
is a promising anti-tumor strategy. tTF(truncated tissue factor) is only the extracellular 
domain of tissue factor. When tTF is targeted to the tumor vasculature by the ligand of 
tTF fusion protein and contacts with the cell membrane closely, it could induce 
thrombosis in tumor vasculature and cut off nutrition and oxygen supplies of tumor, 
which results in necrosis of the tumor and produces anti-tumor effects. 
To test the potential selective thrombosis of tTF fusion protein in tumor vessels and 
improve the affinity of ligand RGD of fusion proteins for integrin αvβ3, which is one 
of the tumor vascular endothelium markers. The fused genes of tTF with one and 
three RGDs, were constructed by PCR, and then were inserted into vector pET22 b(+), 
expressed efficiently in E.coli BL21(DE3) under optimization condition. The fusion 
proteins were purified through Nickel-affinity chromatography column. The tTF 
activity of fusion proteins was analyzed by clotting assay and FⅩ-activation assay. 
The results indicated that both of them could activiate FⅩ  and cause blood 
coagulation. The specific binding of fusion proteins to αvβ3 was analyzed by indirect 
ELISA. Both of them bound to αvβ3 specifically. The relative affinity of (RGD)3-tTF 
for integrin αvβ3 was 32.4μg/mL,while the concentration of RGD-tTF was 44.5μ
g/mL to result in the same OD405nm. In the H22(mouse liver cancer)-bearing mouse 
models, the tumor growth inhibitions of RGD-tTF and (RGD)3-tTF were 37.6% and 
62.6%, respectively. In the S180(mouse sarcoma)-bearing mouse models,the tumor 
growth inhibitions of RGD-tTF and (RGD)3-tTF were 59.4% and 60.3%, respectively. 
In histological studies, the selective localization of the fusion proteins was observed. 
Blood vessels in the tumors in the treated group were thrombosed and occluded, and 
tumor cells around the occluded vessels appeared damaged. No thrombosis in blood 
vessels and cell damage, or other side effects were observed in normal tissues. 
In summary, the fused genes RGD-tTF and (RGD)3-tTF were constructed by gene 
engineering technology, and fusion protein were expressed efficiently in E.coli. 
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tumor vessels and limit the growth of tumor. And (RGD)3-tTF is better than RGD-tTF. 
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④各种促血管内皮生长因子的受体分子如 Flt1，Flk1，Tie1 和 Tie2 等表达量也相
应增高，这些受体与生长因子结合，促使内皮细胞形成管腔和血管网；⑤在
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碱性成纤维细胞生长因子(bFGF) 内皮抑素(endostatin) 
血小板衍生的内皮细胞生长因子(PD-ECGF) 转化生长因子 β(TGF-β) 
表皮生长因子(EGF) 血小板因子 4(PF-4) 
转化生长因子 α(TGF-α) 血小板反应素(TSP) 
Angiopoietin-1 干扰素 α、β(IFN-α、β) 
肝细胞生长因子(HGF) 催乳素 16kD 片断 
肿瘤坏死因子 α(TNFα) 组织金属蛋白酶抑制剂(TIMS) 
黏附分子(αｖβ3、αｖβ5) 白介素 12(IL- 12) 
血管生成素(Angiogenin) 肿瘤抑素(Tumstatin) 
白介素 8(IL-8)  
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的 VEGF 家族[15]和 Angiopoietins[16]。VEGF 是肿瘤血管生成最重要的调节因子，
它受两个特异的受体调节：KDR 和 flt-1，这两个受体主要表达于增殖的内皮细












蛋 白 酶 (matrix metalloproteinases,MMPs) 的 参 与 [25] 。 uPAs(urokinase-type 
plasminogen activators)和 tPAs(tissue plasminogen activators)是一种丝氨酸蛋白酶，
可以将血纤蛋白溶酶原活化为血纤蛋白溶酶，因而抑制这些酶的活性可以抑制肿
瘤血管的生成。MMPs 家族由 16 个成员组成[14]。现已在动物模型中证明 PA 和
MMP 的抑制剂均可抑制肿瘤细胞和内皮细胞的增殖。BAY 12-9566 和
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β亚基，以非共价结合的方式形成的异二聚体细胞表面受体。到目前为止，报道





受体 αvβ3和 αvβ5 在血管生成中起着重要的作用，αvβ3 受体参与肿瘤细胞迁移和血
管生成，在新生血管内皮细胞中高表达，但在正常血管却检测不到，是新生血管
的标志物[28]，阻断 αvβ3 的抗体或拮抗剂能抑制 αvβ3 调控的新生血管内皮细胞对
细胞外基质蛋白的黏附，选择性诱发新生血管内皮细胞凋亡，并且在体内抑制由
肿瘤生长因子所诱发的新生血管生成。一些抑制剂如抗 αvβ5 的单克隆抗体






α/β[33]、催乳素 [34]、血管抑素 [35]、内皮抑素 [36] 、血管内皮细胞生长抑制剂
(VEGI)[37]、血管抑制因子(vasostatin)[38]和抗凝血酶 III[39]；制癌基因和肿瘤血管
生成之间有着重要的关系，Bouck 等[32]发现野生型的 p53 丢失导致血小板反应蛋
白表达的缺失。突变型 Ras[40]、VHL 和 pl6 等[41]改变 VEGF 等血管生成促进因




    TNP470、Endostatin 可直接抑制内皮细胞增殖，TNP470 是烟曲毒素的一种
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